Background: Salvage chemotherapy is the mainstay for the treatment of relapsed/refractory peripheral T-cell lymphomas (R/R PTCLs). ES-HAP regimen, consisting of etoposide, methylprednisolone, high-dose Ara-C, and cisplatin is considered one of the well-accepted regimens for R/R lymphoma. Though, the evidence of long-term efficacy of ES-HAP on R/R PTCLs is limited. This study aims to determine the efficacy and safety of ESHAP as a first salvage regimen, not followed by autologous stem cell transplantation (ASCT), in R/R PTCLs.
Introduction
Peripheral T-cell lymphomas (PTCLs) are accounting for 10% of non-Hodgkin lymphoma (NHL) in western countries [1] and in Thailand [2] . The outcome of patients with PTCL is inferior to those with aggressive B-cell lymphoma [3] . Depending on subtypes of T-cell lymphoma, the outcome of patients with ALK-positive anaplastic large cell lymphoma (ALCL) is more favorable than those with other subtypes for which longterm survival is less than 30% [4] . Despite an initial response to CHOP or CHOP-like chemotherapy, the majority of patient experiences disease progression thereafter [5] . Attempt to improve a durable response by upfront autologous stem transplantation (ASCT) appears to provide a favorable outcome [6] . When disease relapses, salvage chemotherapy followed by ASCT is considered the standard of care [7] . In the absence of ASCT, the survival of patients with relapsed or refractory (R/R) PTCLs is dismal with median overall survival of 5 months [8] .
On the contrary to the success of novel therapies in the treatment of B-cell counterpart [9, 10] , the recently approved therapies for R/R PTCLs including pralatrexate [11] , romidepsin [12] , and belinostat [13] provided a response rate of less than 30%. The optimal treatment of PTCLs remains challenging as the recommendation of treatment for R/R PTCLs derives from retrospective and phase II studies. Thus, combined chemotherapy regimens remain the established therapy for R/R PTCLs.
However, the salvage regimen of choice is still undefined due to the lack of large randomized controlled trials. ESHAP regimen, consisting of etoposide, methylprednisolone, highdose Ara-C, and cisplatin is considered one of the well-accepted regimens for R/R lymphoma [14] , though the evidence of long-term efficacy of ESHAP on PTCLs is limited. The purpose of this study was to determine the efficacy of ESHAP regimen, not followed by ASCT, as a first salvage therapy for patients with R/R PTCLs.
cluding cutaneous T-cell lymphoma (CTCL) and subcutaneous panniculitis-like T-cell lymphoma (SPTL), who are ineligible for ASCT. While patients who are eligible for ASCT receive DICE regimen consisting of dexamethasone, ifosfamide, carboplatin and etoposide, then responding patients will be transferred for ASCT at the transplant center. After the year of 2011, the recommendation for R/R extranodal NK/T cell lymphoma (ENKTL) has been changed to L-asparaginase with methotrexate and dexamethasone (Asp-Met-Dex). From the prospective registry of lymphoma patients, we recruited adult patients with R/R PTCLs after anthracycline-based chemotherapy who were ineligible for ASCT and received ESHAP as salvage therapy between January 2005 and April 2015 at Chiang Mai University Hospital. All patients had given informed consent to receive treatment per institutional standards. Histological diagnoses were made by hematopathologist according to WHO classification. At relapse or progression, tissue biopsy of the tumor was routinely performed when sites of involvement were surgical accessible. Patients were restaged with computed tomography (CT) and bone marrow (BM) biopsy. Time of relapse from diagnosis, clinical characteristics, including International Prognostic Index (IPI) [15] at diagnosis and secondary IPI at relapse were recorded. The study was approved by the Research Ethics Committee of the Faculty of Medicine, Chiang Mai University and conducted in accordance with the Declaration of Helsinki.
Treatment plan
Each 21-day cycle consisted of etoposide at a dose of 40 mg/ m 2 /day on days 1 -4 (intravenous (IV) infusion over 1 h), methylprednisolone at 500 mg/day on days 1 -5 (IV infusion in 15 min), Ara-C at 2 g/m 2 on day 5 (IV infusion in 2 h) and cisplatin at 25 mg/m 2 as a continuous infusion from day 1 to day 4. For patients older than 65 years of age, etoposide and Ara-C doses were reduced by 50% according to the institute's guideline. Patients were hospitalized and observed throughout each course of ESHAP. Filgrastim (G-CSF) at a dose of 300 µg/day subcutaneous injection for 7 days was administered to every patient as primary neutropenic prophylaxis. Patients who developed febrile neutropenia had etoposide and Ara-C doses reduced by 20% and 50%, respectively, in subsequent cycles. A 25% and 50% reduction of the cisplatin dose was made for serum creatinine of 1.5 -2.0 mg/dL and 2.1 -3.0 mg/dL, respectively. Cisplatin was omitted if the serum creatinine was greater than 3 mg/dL. Cotrimoxazole and acyclovir were given to every patient according to institutional standard of practice. Clinical response and toxicity were assessed before each cycle to determine whether or not to continue treatment. CT scan was scheduled after three cycles and after the completion of ESHAP. BM reevaluation was performed only in those with previous positive study at baseline. After three cycles of ESHAP, patients who achieved complete remission (CR) or partial remission (PR) received further ES-HAP treatment at a maximum of eight cycles.
Response and toxicity evaluation and definitions
Responses were determined by the treating physician and retrospectively revised from clinical and imaging records based on the Response Criteria for Malignant Lymphoma [16] . Toxicity was classified and graded according to the National Cancer Institute Common Toxicity Criteria (CTC) Version 3.0. Responses to primary therapy were categorized as refractory disease defined as response less than PR after frontline chemotherapy, early relapsed disease (relapsed within 12 months after the completion of frontline treatment) and late relapsed disease (relapsed 12 months after the completion of frontline treatment).
Statistical methods
Patients who received at least one cycle of ESHAP were analyzed. The primary endpoint was overall response rate (ORR), defined as the sum of patients with CR, unconfirmed CR (CRu), and PR. Secondary endpoints were second progression-free survival (PFS) and overall survival (OS). Duration of response (DOR) was measured for patients with CR, CRu and PR from the first date of documentation of response until progression or date of the last assessment. Chi-squared and Fisher exact test were used to compare responses between groups according to baseline characteristics at relapse and multivariable analysis for factors predicting response were analyzed by the logistic regression model. OS was measured from date of relapse/progression to date of last follow-up or death from any cause. Second PFS was calculated from date of first relapse/progression to date of last follow-up, second relapse/progression or death from any cause. Probabilities of OS and second PFS were estimated by using the Kaplan and Meier method and using logrank test for survival comparison. Cox regression analysis was used for multivariable analysis, including factors with P < 0.1 in univariate analysis. All statistical analyses were performed using SPSS 16.0 for Windows (SPSS, Chicago, IL).
Results

Patients
Of 102 patients with PTCLs, excluding CTCL and SPTL, diagnosed between January 2005 and April 2015, 62 patients relapsed. Thirty-four patients received ESHAP, only one of them underwent ASCT. Fourteen ENKTL received Asp-Met-Dex (n = 12) and SMILE (n = 2) as salvage regimens. Five transplanteligible patients received DICE followed by ASCT (n = 3). The rest of the patients (n = 9) were too frail to be treated with salvage chemotherapy, and therefore, received palliative treatment. There were 33 patients received ESHAP as first salvage regimens, not followed by stem cell transplantation. The reasons of transplant ineligibility were elderly (n = 12), poor performance status (n = 10), comorbidities (n = 4), socioeconomic problems (n = 4) and active infection (n = 3). The baseline characteristics of 33 patients at first relapse according to histologic subtypes are shown in Table 1 . The median age of patients at first relapse was 54 years (range: 27 to 79). The majority of patients had nodal PTCLs (n = 27, 81%), including 18 Norasetthada et al J Hematol. 2018;7(4):131-139
(54.5%) with peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS), five with angioimmunoblastic T-cell lymphoma (AITL), one with ALK-positive (ALK+) ALCL, three with ALK-negative (ALK-) ALCL, while another six patients had extranodal PTCLs, including three with ENKTL, two with hepatosplenic T-cell lymphoma (HSTL) and one with monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL). At relapse, majority of patients had high LDH (n = 22, 67%), advanced stage (n = 27, 82%), good performance status (ECOG 0-1) (n = 21, 64%) and extranodal involvement ≤ one site (n = 20, 61%). Secondary IPI was distributed as followed, nine with low (27%), eight with low-intermediate (24%), five with high-intermediate (15%) and 11 with high-risk IPI (33%). Six patients had chronic viral hepatitis infection, including three (10%) with viral hepatitis B (HBV) and another three with viral hepatitis C (HCV) infection while none of them had HBV and HCV coinfection. All patients had relapsed following prior anthracycline therapy, consisting of CHOP (n = 22, 67%), CHOEP (n = 10, 30%) and EPOCH (n = 1). Twelve patients (36%) were categorized as refractory disease after their frontline chemotherapy while 21 patients (64%) had relapsed disease, including 10 patients whose disease progressed over 12 months after the completion of frontline treatment. The median prior duration of remission after frontline chemotherapy was 4 months (range: 0 months to 6 years) ( Table 1) .
Therapy delivered and response
One hundred thirty-six cycles of ESHAP were administered with a median of four cycles (range: one to eight) per patient. All patients received G-CSF prophylaxis. Sixteen of the 33 
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patients (48%) required either dose reduction or delay of at least one cycle. All three patients with ENKTL received involved field radiation after ESHAP. The overall response rate (ORR) was 46%, with 13 patients (39%) achieving CR/CRu. Median DOR was 18 months (range, 1 -131 months). There was much difference in DOR between those achieving CR (25 months) and PR (4.5 months). The ORR of ESHAP in patients receiving etoposide-containing regimens (n = 11) as first-line chemotherapy was slightly lower than those receiving CHOP regimen (n = 22) (36.4% vs. 50.0%, P=0.4).
Patients with PTCL-NOS, the most common subtype treated in this cohort, had ORR of 50% (CR/CRu 44%). None of the patients with HSTL and MEITL responded to ESHAP. The details of the responses by histological subtypes are described in Table 2 .
Overall and progression free survival
With a median follow-up of 45 months, seven patients were still alive, five of whom were progression free. Median OS and second PFS were 11 months (95%CI: 5.5 -16.4) and 8 months (95%CI: 4.5 -11.5), respectively. Causes of death included progression of lymphoma in 26 patients and treatment-related mortality in one patient. The median second PFS of ENKTL, ALK-ALCL, PTCL-NOS, AITL and ALK+ ALCL were 33, 9, 8, 3 and 2 respectively (P = 0.017) ( Table 2 ). Two patients with HSTL and one with MEITL progressed during ESHAP and subsequently died at 1, 4 and 7 months, respectively. Patients having late relapsed disease after frontline treatment had more favorable OS than those having early relapsed or refractory disease with a median OS of 21, 17 and 3 months, respectively(P = 0.001) (Fig. 1a) . The corresponding figures for median second PFS were 16, 8 and 2 months, respectively (P = 0.001) (Fig. 1b) . Patients achieving CR after ESHAP had significantly better median OS (39, 7 and 5 months, P < 0.0001) and PFS (33, 2 and 2 months, P < 0.0001) than those achieving PR or having progressive disease (Fig. 2a-b, Table 3 ).
Adverse events
The most common Grade 3 and 4 hematologic toxicities were anemia observed in 42.2% and 24.2% of patients, respectively (Table 4) . Grade 3 -4 neutropenia and thrombocytopenia were frequently found in 45.5% and 33.4%, respectively. Febrile neutropenia was observed in 27.2% of patients despite receiving G-CSF prophylaxis. One patient with advanced stage re- CR: complete response; Cru: complete response, unconfirmed; PFS: progression-free survival; OS: overall survival; NR: not reached; PTCL-NOS: peripheral T-cell lymphoma-not otherwise specified; AITL: angioimmunoblastic T-cell lymphoma; ALK+ ALCL: anaplastic large cell lymphoma, ALKpositive; ALK-ALCL: anaplastic large cell lymphoma, ALK-negative; ENKTL: extranodal NK/T-cell lymphoma, nasal type; HSTL: hepatosplenic T-cell lymphoma; MEITL: monomorphic epitheliotropic intestinal T-cell lymphoma. 
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fractory PTCL-NOS developed febrile neutropenia (FN) and died due to uncontrolled infection on day 17 after the first cycle of ESHAP. Grade I -II rising of serum creatinine was frequently occurred in 36.4% of patients, though most events were transient and correctable after intravenous hydration. Acute kidney failure occurred in a previously described patient after developing septic shock as a consequence of FN.
Discussion
Due to the inferior outcome of PTCLs compared to aggressive B-cell lymphoma, the majority of patients with PTCLs subsequently relapsed after frontline therapy [4] . Salvage chemotherapy followed by ASCT has become a standard of care [7] . In the absence of transplantation, the outcome was dismal with a median survival of 5 months after the first relapse [8] . ESHAP has been introduced for over two decades and currently has become one of the recommended salvage regimens for relapsed NHL [14] . However, the efficacy of ESHAP has been examined in the cohorts of various subtypes of relapsed or refractory NHL, not specifically describing the outcome in those with PTCLs [14, [17] [18] [19] [20] . In this study, we reported the efficacy and safety of ESHAP as the first salvage regimen for patients with PTCLs. To focus on the long-term outcomes after ESHAP, we recruited only patients who did not undergo high dose therapy and ASCT as a result of age, comorbidities, physical fitness or having the chemorefractory disease. We observed the response rate of 46% (CR 39%) with a median DOR of 18 months. In particularly, patients with PTCL-NOS had favorable response with ORR of 50% (CR 44%) while patients with HSTL and MEITL were refractory to ESHAP.
Patients, who previously received etoposide containing regimens (CHOEP/EPOCH) as the first-line therapy, may harbor drug resistance to previously exposed chemotherapy, including etoposide. When treated with ESHAP, they might not respond as well as etoposide naive patients. Due to the limited number of patients, we could not demonstrate the significant difference in the response rate after ESHAP between these two groups receiving different first-line regimens (36.4% for CHOEP/EPOCH vs. 50.0% for CHOP, P = 0.4). Regardless of survival less than 1 year for the whole cohort, patients with late relapsed disease after frontline chemotherapy and achieving CR after ESHAP could maintain disease remission and entertained long-term survival with a median OS of 39 months even without salvage ASCT. Hematologic toxicities were quite common as previously reported [14, [17] [18] [19] [20] , but manageable with only one treatment-related death (TRD) due to FN which occurred in a patient with advanced disease progression after refractory to frontline treatment. The direct comparison of ESHAP's efficacy with other regimens would be difficult due to imbalances in patient population and differences of histological subtypes of T-cell lymphoma in each study. Nevertheless, the outcomes after ES-HAP in this study were more favorable than those of recent approved agents for R/R PTCLs including pralatrexate [11] , romidepsin [12] and belinostat [13] due to the fact that the majority of patients in the aforementioned studies had received novel agents as subsequent lines of treatment while all patients in this study received ESHAP as first salvage regimen (Table 5 [11] [12] [13] [21] [22] [23] [24] [25] [26] ). When focusing on studies included the majority of patients receiving one prior therapy, gemcitabine combined with dexamethasone and cisplatin (GDP) [21] provided an encouraging outcome with ORR of 64% (CR 32%) with low toxicity profile. However, the median PFS after GDP when four transplanted patients also included was 9.3 months which appeared to be comparable with that of our study when none underwent ASCT. This may reflect the more durable response after ESHAP than that of GDP due to the higher intensity of chemotherapy in ESHAP regimen. In BENTLY study [22] , single agent bendamustine provided a promising efficacy on R/R PTCLs with ORR of 50%, which was comparable to the response to ESHAP. It is of note that the median DOR in that study was 3.5 months, which compared unfavorably to a Median second PFS of patients achieving CR, PR and SD/PD were 33, 2 and 2 months, respectively (P < 0.0001).
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longer median DOR of 18 months in this study. This may explain by the better quality of response after ESHAP as there were a higher proportion of patients achieving CR (39%) after ESHAP than that after bendamustine (28%). To reduce the nephrotoxicity of cisplatin, modified ESHAP [23] was introduced by substituting cisplatin with carboplatin. The results were featured by negligible nephrotoxicity but lower response rate (ORR 32%, CR18%) as well as median PFS (2.5 months) when compared to the standard ESHAP regimen in this study.
This may be explained by the difference in drug uptake and pharmacokinetics at the cellular level between cisplatin and carboplatin leading to the different sensitivity of tumor cells to these platinum-based regimens [27, 28] . There was a small proportion (n = 4, 6.5%) of patients with relapsed PTCLs (n = 62) in our cohort proceeding to stem cell transplantation, different from which has previously been reported by the British Columbia Cancer Agency (20%) [8] . The discrepancy rate could be partly explained by the difference Norasetthada et al J Hematol. 2018;7(4):131-139 in clinical characteristics of the patients in each cohort. First, patients with relapsed ENKTL who received L-asparaginase containing salvage regimens in this cohort (n = 14, 22.5%), achieved a durable response after salvage treatment without undergoing ASCT. Second, at the time of relapse, many patients in our cohort (n = 19, 30%) were either too frail to receive further chemotherapy (n = 9) or not fit enough for ASCT (n = 10). Furthermore, the eligible age for transplantation in our institution is younger (< 60 years) than the transplant eligibility criteria (< 65 -70 years) in other well-experienced centers. Lastly, the socioeconomic problem is still the major issue for not being transplanted in developing countries, including Thailand, where the expense of transplantation is not under the coverage of the universal health care system. Only those who could pay out of their pockets, or under the coverage of health care insurance and the civil servant health care schema would be able to access to transplantation. The major limitation of this study is the patient recruitment from the lymphoma registry which has the inherent limitation regarding data collection and outcome criteria. However, the results of this study reflect the real-life practice for those who are ineligible for salvage ASCT. In our experience, there was only one patient receiving ESHAP followed by ASCT who has continued in remission for 3 years after transplantation. To focus on the long-term efficacy of ESHAP, we did not include this patient in this cohort. The other transplant ineligible patients (n = 9), who were too frail to receive ESHAP, were supported by either corticosteroids or palliative radiotherapy. None of them survived over 6 months after relapse. The limitation of data collection and outcome criteria has been minimized by using the institute's electronic data capture system which provided most of the patient characteristics, laboratory results and imaging studies for review and uniform assessment of response. Additionally, we did not perform a multivariate analysis to identify independent prognostic factors due to the small sample size of this cohort. The results of this study provided the characteristics of patients who would have favorable outcomes after ESHAP therapy. Notably, patients who experienced relapse later than 12 months after frontline therapy and achieved CR after ES-HAP could have sustained remission contributing to extended survival even without salvage ASCT. Recognizing that majority of R/R PTCLs patients are the non-transplant candidates, our analysis provides the prognostic characteristics for those who may entertain the durable remission after ESHAP without salvage ASCT. However, ASCT is still the standard of care for eligible patients. Given the wide varieties of salvage therapy for R/R PTCLs, the results from this study with a favorable response rate of 46% after ESHAP would provide the information for selecting salvage chemotherapy before proceeding to ASCT. Of note, these data highlight the unmet medical need to find the therapies for specific subtypes of PTCLs, especially HSTL and MEITL, which may harbor distinct drug sensitivities and tend to refractory to currently available treatments.
In conclusion, ESHAP offers a long-term survival in some transplant ineligible patients who were chemosensitive with late relapse after frontline therapy. The results of this cohort require further investigation in a prospective study.
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